Background: Several studies on the effect of physical exercise on activities of daily living (ADL) for people with dementia exist; yet, data concerning the specific context of acute psychiatric hospitals remain scant. This study measured the effect of a physical exercise program on ADL scores in patients with moderate to severe dementia hospitalized in an acute psychiatric ward.
Introduction
Dementia currently affects 24.3 million people, with 4.6 million new cases every year worldwide (Ferri et al., 2005) . Dementia is characterized by a decline of cognitive functions and by non-cognitive behavioral and psychological symptoms (Cerejeira et al., 2012) . Dementia is a major cause of functional dependence in people over 65 years and one of the main 324 E. Bürge et al. contributors to institutionalization (Luppa et al., 2010) .
While patients suffering from dementia are frequently admitted to acute hospital wards because of Behavioral and Psychological Symptoms of Dementia (BPSD), independence in ADL is a major issue for the future of patients since a positive relationship exists between BPSD, level of independence in ADL, and caregiver burden (Miyamoto et al., 2010) . Forbes et al. (2008) conducted a systematic review on the effectiveness of physical activity programs in managing or improving cognition or function in people with dementia. They found insufficient evidence to either recommend physical activity programs, or advocate against their use. The review of Bürge et al. (2012) showed only weak evidence regarding the impact of exercise programs on ADL among patients with moderate or severe dementia. Rao et al. (2014) concluded, in their systematic review, that aerobic and strengthening exercises do improve physical performance and may help improve independence in ADL in people with Alzheimer disease. The most important benefit pertains to cognition and mobility. Walking exercise and habits seems to have a significant impact on cognitive function and independence (Kemoun et al., 2010; Venturelli et al., 2011; Winchester et al., 2013) . Moreover, dementiarelated gait changes are not associated with motor disorders only but also with central misprocessing of information (Beauchet et al., 2008) . Increasing evidence links alterations in executive function and attention to gait disturbances (Camicioli et al., 1997; Yogev-Seligmann et al., 2008) . These studies support the hypothesis that the decline in ADL capacities in patients with dementia may be due not only to disease progression but also to physical inactivity (Littbrand et al., 2009) .
Most of the investigations of the effect of exercise on ADL were conducted in nursing homes (Francese et al., 1997; Stevens and Killeen, 2006; Rolland et al., 2007) or in the community (Kwak et al., 2008; Steinberg et al., 2009) . Only a few studies were conducted in acute psychiatric wards (Littbrand et al., 2009) . As BPSD concern a significant number of people with dementia and represent a risk factor for acute care hospitalization, a better knowledge about the feasibility and effects of exercise programs in an acute care setting is relevant.
The aim of our study was to identify the impact of an exercise program on independence in ADL in patients with moderate or severe dementia hospitalized for BPSD. We hypothesized that a four-week program of daily exercise, accompanied by music and including strengthening, walking, and balance training: 1. can be carried out in an acute psychiatric ward; 2. is effective in maintaining or improving ADL capacities (maintaining or improving the scores of the Barthel Index (BI) and Functional Independence Measure (FIM)) in patients with moderate and severe dementia, as opposed to the control group (CG).
Additionally, we wanted to explore the influence of several independent variables (age, gender, medication, type and severity of dementia, comorbidities, body mass index, nutritional status, depression, BPSD) on the outcomes of the program.
Methods

Design
We conducted a randomized controlled trial in the French-speaking parts of Switzerland (four hospitals) and Belgium (one hospital). Patients were included in either the experimental group (EG, exercise program) or the CG (social program) by an independent person, using a computergenerated table of random numbers in blocks of 6. Notice that we included hospitals as a between-group factor in statistical analyses, but this factor was never significant, showing no difference between hospitals.
Patients were included if they were hospitalized in an acute psychogeriatric setting, had a diagnosis of dementia according to CIM-10, a Clinical Dementia Rating (CDR) of stage ≥ 2 (moderate to severe dementia) and were able to walk at least 6 m, if necessary with walking aids or assistance from one person. Patients were not included if the exercise program might put them at risk, if their life expectancy was estimated at less than four weeks, if they suffered from musculoskeletal conditions that did not permit the application of the exercise program, or if they had a recent diagnosis of hemiplegia. Exclusion criteria during the study were refusal to participate in the study -whether expressed by patients or their legal guardians, somatic or psychiatric deterioration requiring continuous or intensive care incompatible with the continuation of the study and, discharge or death of the patient.
ADL capacities, the primary outcome, was assessed before the intervention, after the intervention and two weeks later using the BI with ten items for a total score between 0 and 20 (Collin et al., 1988) , and the FIM with 18 items for a total score between 7 and 126 (Keith et al., 1987) . https://doi.org/10.1017/S1041610216001460 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 06 Feb 2020 at 08:30:22, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
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Sample size
For the sample size calculation (Type I error: 5%, power: 80%), we expected a strong correlation (0.95) between the three ADL measurements. Based on the results of Littbrand et al.'s study (2009) , we assumed a mean BI score of 13 and a standard deviation of 4.5. This assumption was reinforced by the study conducted by Hsieh et al. (2007) estimating the minimal clinically important difference of the BI to be 1.85 points. We estimated the effect size at 0.2 using a mean difference of two points between groups and a standard deviation of five in each group. The required sample size was 192 participants; we chose to increase it by approximately 20% -up to 240 patients (120 patients in each group) -because of the physical frailty of the study population.
Data collection
The following independent variables were controlled and examined for their association with independence in ADL and/or with different levels of program adherence:
Social status, age, gender, and last practiced profession were assessed through medical history taking.
Somatic comorbidities were classified according to the Charlson Index by anamnesis (Charlson et al., 1987) . Psychogeriatric comorbidities were based on medical history and observation and classified into the following three clinical categories: (1) mood disturbance, (2) personality disturbance, (3) spectrum of psychosis.
History of falls: Falls registered during the year preceding the current hospitalization as well as their severity (hospitalization, fracture of femoral neck) were collected by asking the patient, his/her family, or principal caregiver (Büla et al., 2006) .
Medication was classified into eight categories: Hypnotics, Tranquilizers, Neuroleptics, Antiepileptics, Anti-depressants, Anti-hypertensives, Anti-Parkinson drugs, others.
Type of dementia was established clinically according to the following criteria: the diagnosis of dementia and Alzheimer's disease was made according to ICD-10 (International Classification of Diseases). The diagnosis of other types of dementia was based on established sources: Lewy body dementia, Fronto-temporal dementia, Vascular dementia, and subcortical vascular dementia).
Dementia severity was assessed using the French version of the CDR scale (Ousset et al., 2003) .
We used the French version of the Mini-Mental State Examination to define the cognitive level of participants (Folstein et al., 1975; Derouesné et al., 1999) .
Depression was assessed by the French version of the Cornell Depression Scale in Dementia (Camus et al., 1995) .
Behavior was assessed using the French version of the Neuropsychiatric Inventory, brief version (Kaufer et al., 2000; Michel et al., 2005) .
Adherence rate to the exercise program was assessed by the health professionals in charge of the intervention and rated on four levels. If the mean participation at the 20 intervention sessions was ≥ 3 adherence was high, a mean ≥ 2 < 3 corresponded to intermediate adherence and a mean score of < 2 corresponded to weak program adherence (Rolland et al., 2007) . The raw number of sessions (out of 20) in which the patients participated was also considered.
Assessments took place during the first fortnight of the patients stay at the hospital and the intervention program during weeks 3 to 6. The twoweek period preceding the inception of treatment was meant to allow patients to get used to the new environment and reach a medically more stable condition.
Measure of ADL capacities
The modified BI (Collin et al., 1988) and the FIM (Keith et al., 1987) were applied through informant-based interviews by trained research assistants who were blind to group allocation. A total BI score of 20 and a total FIM score of 126 means full independence. Both instruments are reliable and valid (Kidd et al., 1995) .
Interventions
All hospitalized sample members in the participating centers received the usual care program. The program provided was interdisciplinary in nature and corresponded to Cohen-Mansfield's classification (2001) . It covered sensory interventions, social contacts, group interactions, structuring of the day, medical and systemic interventions, and specific attitudes on the part of care staff.
The exercise program corresponded to the program proposed by Rolland et al. (2000; 2007) . It covered strength, flexibility, walking, and balance training and has been used with nursing home residents with moderate to severe dementia. Exercise intensity (number, pace, and duration) was gradually increased and adapted to each participant (Rolland et al., 2000; Rolland et al., 2007) . The need for individual adaptation is essential as persons with such conditions do not always reliably express exertion and need specific guidance to exercise at the targeted level (Yu et al, 2006) . The aim was to achieve moderate intensity, as recommended for elderly patients as the threshold to obtain significant functional outcome by Paterson and Warburton (2010) . As proposed by Rolland, after stretching warmup, participants were encouraged to walk fast to reach moderate breathlessness but not exhaustion. Walking is an important part of the program as walking is one of the most usual physical exercise to prevent later-life cognitive decline (Fallahpour et al., 2015) . It is also very flexible for group use. Exercises included squatting at different levels (or repeated stand-ups from a chair), lateral elevation of the legs in a standing position, and rising on the toes. Participants were asked to imitate simple flexibility exercises demonstrated by the therapist. According the program proposed by Rolland et al. (2000; 2007) , music accompanied some part of the sessions (Mathews et al., 2001) as music is known to enhance the effects of exercise programs for this population (Ziv and Lidor, 2011) although it does not seem to have a direct short-term effect on cognition (Li et al., 2015) . The exercise program was conducted with groups of at most four participants, in order to guarantee security and to correspond to the aforementioned requirements. Physical therapists, occupational therapists, or psychomotor therapists -all were given oral and written instructions related to the program -conducted five exercise sessions per week, each session lasting 30 minutes. The absence of specific guidelines on program duration, as well as the average length of stay of patients with moderate to severe dementia observed in the participating hospitals, led to the choice of four weeks for the program's duration.
The patients of the CG participated in a social activity program (watching videos about different topics or playing together) led by nurses, nursing auxiliaries, or occupational therapists. The number and duration of the sessions was the same as those of the exercise program.
Both programs, physical exercise, and social activity were held outside the ward on the same time schedule.
Ethics
The study was approved by all the relevant ethics' committees (250/08-VD; 027-CER-FR).
Data analysis
The socio-demographic and health characteristics of EG and CG were compared using the χ 2 test for categorical variables and the Student's t test for continuous ones. The BI and FIM scales were described by computing for each group and each time the mean, standard deviation, and 95% confidence interval. Baseline (T0) values were compared between groups using the Student's t test. Changes of the BI and FIM scales between T0 and T2 were assessed using a repeatedfactor ANOVA. Repeated-factor ANOVAs were also performed separately for each component of the BI and FIM scales and each group of patients. Finally, we compared the adherence level of each group to the intervention as well as the association between adherence and ADL performance. The type I error was set to 5% for all statistical computations. Figure 1 presents the number of examined and included patients.
Results
The main reasons for non-inclusion were short hospital stay, immediate discharge from the hospital, or not meeting the criteria set for following the exercise program. Three-hundred patients could not be included because of short stay. More than 300 patients could not do exercise because exercise was too risky (n = 118), contraindicated (n = 91), or because their medical conditions required continuous or intensive care (n = 102) (Figure 1) .
Sixty-five participants dropped out between the inclusion and the end of intervention because they left the hospital. Other reasons for dropping out were diverse (such as delirium, acute BPSD, refusal by the participant or by his/her family, fall with fracture, and death) and led to the loss of 35 additional participants.
At baseline (T0), before the intervention, the socio-demographic and health characteristics of both groups of sample patients were statistically similar (all p-values > 0.05, Table 1 ). Consequently, the following ANOVAs were not controlled for significant factors. Table 2 describes the changes of the BI and FIM measures among both group of patients. At baseline (T0), the difference between groups was not significant (Student's t(158) = 0.119, p = 0.860 for BI, t(158) = 0.641, p = 0.522 for FIM). Both measures declined between T0 and T2 as indicated by repeated-factor ANOVAs (F(2,316) = 7.58, p = 0.001 for BI, and F(2,316) = 6.27, p = 0.002), and no difference was found between groups (F(1,158) = 1.47, p = 0.227 for BI, and F(1,158) = 1.52, p = 0.220 for FIM). A lack of power is to be noticed, due both to an insufficient number of patients completing the whole study and to differences between groups on the BI and FIM scales lower than expected when computing the required sample size. Consequently, the achieved power is only 30%. The BI scores of the different ADL measures showed that the EG's scores deteriorated in the bladder and bowel control areas, whereas the CG's scores decreased for the following four items: stairs, mobility, toilet use, and transfer (Table 3 ). The stairs item was the sole item for which the difference between groups was significant (p = 0.013).
The scores on the different components of the FIM show a deterioration in bowel in EG's results, but also in "Tub, Shower." Deterioration in mobility scores of the CG is also apparent.
It is to note that analyses presented in Tables 3  and 4 are only gross tendencies as these differences may be significant by chance.
Mean program adherence was similar in the EG (mean 2.04, sd 1.34) and CG (mean 2.02, sd1.05) groups (t-test p-value = 0.915). However, considering the classification of adherence into three groups (weak, intermediate, high), there was a significant difference between groups (χ 2 p-value = 0.004). The percentage of patients with high adherence was larger in the EG than in the CG https://doi.org/10.1017/S1041610216001460 The measure of adherence, either raw or classified into three levels, is strongly related to the number of sessions in which the patients took part. The patients participated in average to 13.18 sessions out of a maximum of 20 (sd 6.83) in the EG group and to 13.80 sessions (sd 5.69) in the CG group, the difference being nonsignificant (p = 0.534). The correlation between raw adherence and the number of participating sessions was 0.86 for the EG group and 0.83 for the CG group, the difference between correlations being non-significant (p = 0.516). Similar results were obtained when replacing the raw measure of adherence by its three-levels version. The comparison of the three categories of adherence with the factors presented in Table 1 showed that, for the EG, the type of dementia was significantly associated with adherence (p = 0.003); patients suffering from Alzheimer's disease being more adherent than other patients. Taking a higher number of medications was significantly associated with lower levels of adherence in the EG (p = 0.012) and CG (p = 0.005) groups.
In the EG, patients with high program adherence showed a small increase in ADL performance between T0 and T2 (mean BI change score between T0 and T2 of 0.28), whereas patients with weak or intermediate adherence showed a decrease (−1.08 and −1.42, respectively). However, due to intra-group variability, the difference was not significant (F(2,74) = 0.868; p = 0.424). In the CG group, at all levels of adherence to the program, patients showed a decrease in their ADL performance (−2.47 for weak, −1.03 for intermediate, and −1.38 for high adherence, F(2,79) = 0.782; p = 0.461).
Discussion
Summarizing the results, we observed that most of the participants experienced a decrease of independence in ADL, the CG experiencing a more important loss than the EG. The variability of individual scores and the fact that the sample was smaller than initially required may partly explain the absence of significant group differences. Interestingly however, the EG performed better on mobility items compared to the CG. These differences are coherent. The exercise program was centered on mobility, i.e. its main component walking and, for those patients who were able to manage stairs, climbing and descending stairs. These results confirm the findings of earlier studies indicating that exercise can improve mobility, including for people with dementia (Kemoun et al., 2010; Venturelli et al., 2011; Winchester et al., 2013) . Developing clinical programs to improve mobility of these patients could be efficient.
By contrast, the difference between the two groups for items related to continence is surprising. According to literature, timed and prompted voiding seems to be the most effective measure for patients with moderate or severe dementia (Yap and Tan, 2006) .
Various hypotheses, based on randomly selected adherence report sheets, may explain the mean low participation rate in the programs. The intensity of the program was high. Patients were supposed to follow the program five times per week during four weeks. For several patients, this frequency was too high. Specifically, with regard to the exercise program, some patients were not accustomed to exercise before hospitalization; the physical frailty of some others was too important and they were unable to exercise five times per week. Moreover, some of the patients did not understand the request of health professionals when the latter invited them to join the exercise group. When they were asked to join the program, some patients refused to leave the ward, where they felt more secure. When professionals did convince them to participate and they came into the exercise room with them, they did not always understand the professionals' instructions. Sometimes they did not understand the meaning of exercise. Patients with moderate to severe dementia do not have an intrinsic motivation to participate in an exercise program. Consequently, the health professionals who led these groups were faced with multiple challenges: they had to win the active participation of patients in the program, support them when necessary, adapt exercise intensity individually, maintain the participants' motivation over the 20 sessions, as well as guarantee the security of all patients in the group.
According to this study, the following patient profile was associated with good program adherence: diagnosis of Alzheimer disease, small number of medications, and living at home, alone or with family members. However, variations in ADL performance are expected since ADL loss in Alzheimer's disease patients varies widely (Arrighi et al., 2013) . As observed by Rolland et al. (2007) , general adherence rate was low; however, patients with good adherence experienced less of a decrease in their ADL performance.
The results also show that adherence differs significantly for specific subgroups (e.g. patients with AD, or taking fewer medications). In clinical settings, an optimal intervention should therefore focus primarily on these patients. The program was proposed to all patients, but not all patients could participate in an optimal manner.
The duration of the programs raises some concerns. It has to have at least some duration in order to be effective; moreover, its organization has to take into account the limited average length of stay. Our choice for a 2+4 week scheme is probably sub-optimal in regular clinical contexts. It was chosen in order to allow patients to reach a more stable condition prior to the intervention, but led to the loss of precious time for the intervention. Indeed, the duration of the intervention (four weeks) was a compromise. In order to be effective for most patients, such programs should begin as soon as possible after admission, in order to maximize their impact before discharge. Various types of health professionals led program sessions. They generally found the programs adapted to the acute hospital context and expressed appreciation for both EG and CG programs.
Based on the results of this study, and on the fact that the program was suited to only one in four of the admitted patients and completed by less than one in six, we would suggest, in order to increase adherence to an exercise regimen, integrating mobility and physical exercise in everyday activities, whenever the opportunity arises -for example, stimulating patients with moderate or severe dementia hospitalized in acute hospital wards to walk to the dining room. Physical exercise could then be seen as the by-product of a more meaningful activity. Preserving mobility has an important impact on the burden experienced by caregivers and loss of ADL capacities increases the patient's risk of being admitted to a nursing home (Miyamoto et al., 2010) . Integrated exercise could also be more easily continued when patients return to their previous place of residence. However, it must be noted that individual stimulation lacks the positive elements provided by music as well as by the group.
The most important limitation of the study is the lack of power due both to an insufficient number of participants completing the study and to lower differences between groups than expected. Another limitation is the high dropout rate of more than one in three patients, even if very few participants actually refused to continue once enrolled in the study. Most of the dropouts -one in four sampled patients -resulted from discharge from the hospital, occurring before the end of the program. While the duration of the program, four weeks, was seen as a compromise between the duration required for an effective program and the drop out risk, it was actually too long with regard to the length of stay of a significant proportion of the participants.
As physical exercise is known to have an impact on mobility as well as non-mobility-related functions, we chose an overall ADL assessment. In doing so, we weakened the measurable impact of exercise on mobility scores.
In conclusion, ADL capacities do deteriorate during acute hospital stays in patients with moderate or severe dementia. An exercise program conducted by various health professionals with a focus on strength, balance, and walking for patients with moderate to severe dementia turned out to be feasible in the various acute psychogeriatric wards included in the study, but its clinical interest seems limited to patients who enjoy participating and who have less severe deficits and higher length of stay. Regular stimulation of walking could contribute to
